
Pol. J. Environ. Stud. Vol. 26, No. 6 (2017), 2823-2832

              Original Research             

Renewable Energy and Rural Autonomy: 
A Case Study with Generalizations 

Franciszek Woch1*, Józef Hernik2, Hans Joachim Linke3, Edward Sankowski4, 
Milena Bęczkowska5, Tomasz Noszczyk2 

1Department of Soil Science, Erosion and Land Protection, Institute of Soil Science and Plant Cultivation, 
State Research Institute, Czartoryskich 8, 24-100 Puławy, Poland

2Department of Land Management and Landscape Architecture, Faculty of Environmental Engineering 
and Land Surveying, University of Agriculture in Krakow, Balicka 253C, 30-149 Kraków, Poland

3Fachgebiet Landmanagement, Institut für Geodäsie, Fachbereich Bau-und Umweltingenieurwissenschaften, 
Technische Universität Darmstadt, Franziska-Braun-Str. 7, 64287 Darmstadt, Germany

4Department of Philosophy, College of Arts and Sciences, University of Oklahoma, 
Norman, Oklahoma 73019, United States

5Jan Kochanowski University in Kielce, Świętokrzyska 15, 25-406 Kielce, Poland

Received: 12 March 2017
Accepted: 26 May 2017

Abstract

The aim of the study was to evaluate the potential to satisfy some energy needs of a rural municipality 
using renewable energy sources. The research was conducted in the territory of the Municipality of Nowa 
Słupia in Świętokrzyskie Voivodeship, Poland. The novel aspect of this study was to assess current and po-
tential production of energy from renewable sources. The study included consideration of sources of energy 
such as the sun, water, wind, and biogas of plant origin; and distinguishing actual, potential, and overall 
renewable energy sources in the period from the time of the study to 2025. The assessment was based on 
the sum of existing individual sources and also on opportunities revealed in a development trend analysis of 
these energy sources. Currently, the municipality does not consume energy from renewable energy sources. 
In view of the potential volume of energy from renewables, the municipality could meet the demands of 
its residents at 7.6%. The current volume of thermal energy from renewables, it is here estimated that the 
municipality could meet the demands at the level of 10.3%. In the future, this source could be developed fur-
ther beyond the present level of 65.8%, which together with energy crop biomass obtained on set-aside land 
(approximately 70% of available land) would cover 76.1% of the requirements of municipality residents. 
This article also includes a few more general ideas about sustainable development and energy as suggested 
by the case study.
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Introduction

Energy, one of the most important resources necessary 
for life, is interrelated with the economic development 
of the state [1]. The nature of social and economic 
development that we observe today owes much to the 
availability of energy [2]. If energy were not provided, we 
would have to change the consumer-driven lifestyle we 
are so used to. Energy is as essential to modern society 
as are air and water. Efficient energy management should, 
however, provide energy not only for current generations 
but also for future ones, and minimise the negative impact 
on the environment [3]. Population increases in some 
areas, economic growth, and some technological changes 
over recent decades have aggravated environmental 
pollution and caused a reduction in fossil fuel resources 
[4-5].

Today we are facing an energy crisis brought about 
by the gradual depletion of traditional sources of energy 
[6]. As extraction moves to increasingly more difficult 
geological conditions [7], the costs of fossil fuel extraction 
(or purchase) will go up in some places [8]. Non-renewable 
resources used in the past to produce energy such as 
hard coal, lignite, and oil are becoming more expensive 
in some geographical areas because their consumption 
is increasing, while their total available quantities are 
dwindling (Fig. 1) [9]. Fossil fuels are replenished over 
(a very long) time, whereas renewable energy sources 
(RES) like wind and waves are ‘replenished over space.’ 
It would, therefore, require a more time-focused strategy 
to deal sustainably with fossil fuels, and a more space-
focused strategy to deal sustainably with renewables 
[10]. Additionally, combustion of coal, oil, or gas affects 
the climate and environment, hence the need to employ 
alternative sources offered by nature [11-12]

Fig. 1 shows the depletion of fossil fuels, which is one 
of the factors that have led to increased interest in RES. 
Also, their availability is limited by standards related to 
the extraction of raw materials [7]. There are available, 

for example, relatively recent innovative technologies 
such as horizontal hydraulic fracturing of shale rock for 
oil and gas extraction, which despite being a significant 
part of the world energy portfolio, conflicts with on-
surface property such as buildings, with industries such as 
tourism, agriculture, fisheries, public health, and so on. The 
consumption of fossil fuels and the resulting emissions of 
carbon dioxide (CO2) are among the main causes of global 
warming and climate change [14]. Another problem, 
beyond fracking-related issues, is the high pollution 
associated with the conversion of fossil fuels into heat or 
electricity [15]. Therefore, some societies have begun to 
consider using energy from alternative sources such as 
the sun, wind, earth, waves, ocean currents, and biomass 
[16]. The big advantage of these alternative energy 
sources is that they cannot be depleted because they are 
replenished on a regular basis by natural processes. RES 
are simultaneously widely believed to be cheaper, safer, 
and more promising [17-20].

Researchers and academics have been recently more 
and more interested in the concept of energy autarky, also 
referred to as ‘energy autonomy’ or ‘energy self-sufficiency’ 
[21-25]. According to Abegg [15, p. 367], many European 
regions have declared themselves ‘energy regions.’ They 
pursue the ambitious goal of becoming independent of 
the external supply of fossil fuels and energy [21]. This 
vision of energy self-reliance is overwhelming. Not only 
does it involve the use of RES, but also proposes effective, 
economical, and innovative uses of non-renewable energy. 
The pillars of this idea are spatial planning and transport 
efficiencies [15].

According to Müller et al. [22], energy autarky means 
a situation in which a region does not import significant 
volumes of energy resources, but uses its own resources 
instead to meet its energy needs. The authors define 
autarky not only as related to self-reliance of supply, 
but also in terms of sources of energy, a decentralised 
structure of power system, and increased energy efficiency 
of both supply and demand [22]. The notion of autarky 
has been defined by Scheer [26] as well. He considers 
energy autonomy to be focused on decentralised models 
of renewable energy systems with particular focus on 
autonomous initiatives of individuals, local communities, 
or investors [26]. The definition suggested by Saxony’s 
energy agency (saena.de) stressed that energy self-
sufficiency is not feasible without energy savings and 
increased energy efficiency [15].

Advocates of autarky believe that local production 
of energy could be beneficial on numerous levels such 
as new and local jobs [27], reduced transport distance 
for energy resources [22], strengthened regional identity 
[15], protection from price increases in the future [22], 
and boosts in tourism [28]. We should keep in mind that 
some oppose the notion of energy autarky. They argue 
that it may result in high costs of changing the energy 
system, possible protests and social reluctance [24], 
and indirect change of land use with its impact on food 
production (which is hard to measure and may, in fact, be 
unpredictable) [29].

Fig. 1. Conventional energy resource depletion and forecast 
increase of renewable energy sources in 1990-2050. The basic 
assumptions of energy consumption across Europe are: 1) coal, 
2) oil, 3) uranium, 4) natural gas, 5) water, 6) wind 7) the sun, 
and 8) biomass. Source: [13].
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Over the last dozen or so years, rural areas in Poland 
have gone through dynamic changes related to changing 
functions [30], human impact on the environment [31], 
EU membership [32], etc. Apart from the primary function 
of the agricultural industry, which is to produce food, rural 
areas are expected to maintain elements of the cultural 
landscape as well [33]. At the same time, according 
to Woch et al. [23], rural areas, with their conditions 
favourable to RES, are becoming an important component 
of the renewable energy scheme.

In light of the above, the aim of this article is to assess 
the ability to satisfy energy needs of a rural area based on 
a case study of RES in the Municipality of Nowa Słupia. 
We do not, however, take into account changing demand. 
This question is saved for future studies.

Materials and Methods

Characteristics of the Study Area

The Municipality of Nowa Słupia is located in the 
eastern part of Kielecki District (powiat – a second-
tier administrative unit in Poland) in the central part of 
Świętokrzyskie Voivodeship, Poland. The total area of 
the 20 villages comprising the municipality is 8,594 ha.  
At the end of 2015, the study area had a population 
of 9,962: 4,887 men and 5,075 women. The average 
population density in the municipality is rather high at 116 
people per 1 km2 [34].

The basic economic function of the examined area  
is agriculture. In terms of land use structure, agricultural 
land occupies 63.8% of the municipality, and forests 
34.3%. The forests in the municipality provide great 
conditions for recreation and improve water regulation 
[34]. The area is dominated by small farms with a sur-
face area of 5 hectares, which occupy 66.3% of the total 
surface area of the agricultural land. Those with a surface 
area of over 15 hectares constitute only 2.7% of the land 
surface area. According to the Municipal Office of Nowa 
Słupia, up to 982 hectares of agricultural land were set 
aside.

The Municipality of Nowa Słupia is valuable in terms 
of its environmental assets. Within its boundaries, there 
are a National Ecological Network ECONET – Poland, 
ecological network NATURA 2000, and Świętokrzyski 
National Park, which together with its buffer zone was 
included in the Polish part of the European ecological 
network NATURA 2000 [35]. The municipality has four 
distinct nature reserves.

Research Methodology

This article contains data and information collected 
during fieldwork relevant to the present case study. Field 
research consisted of making an inventory of the existing 
and potential RES and gathering data from the Municipal 
Office of Nowa Słupia and the Marshall Office of the 
Świętokrzyskie Voivodeship in Kielce. An analysis of the 

RES in the municipality and their long-term development 
until 2025 has been conducted.

In order to determine the potential of solar conditions 
in this study, the sunshine hours as per the map of 
sunshine duration in Poland together with solar irradiance 
were considered [36]. The information on the number of 
installed solar collectors in the study area was obtained 
from the National Renewable Energy Service; whereas 
the prospective growth of this energy source has been 
estimated on the basis of a relevant trend and its recognition 
among institutions and individuals in industry-related 
circles [37].

Information on the use of hydropower in the study 
area was obtained from the Environmental Protection 
Programme for the Municipality of Nowa Słupia [38].

The effective wind energy in kWh ⋅ m-2 ⋅ year-1 was 
obtained from maps created for Poland [39]. The value is 
derived from an analysis of the potential and limitations 
specified in respect to this energy source.

An assessment of the conditions for the use of 
geothermal energy was based on a data study concerning 
the potential of using geothermal energy in Świętokrzyskie 
Voivodeship [40].

On the basis of data obtained from the Łagów Forest 
Division (Forest Management Plan), the amount of energy 
generated from wood harvested from local forests in the 
form of wood waste and firewood has been estimated. 
In order to estimate the wood resources from the forests 
within the boundaries of the municipality administered by 
the Łagów Forest Division, we used the following formula 
[41-42]:

     (1)

…where Zdl is wood from forests for energy purposes 
(m3 ⋅ year-1), A is the surface area of forests (ha), I is annual 
increment of volume (m3 ⋅ ha-1 ⋅ year-1), Fw is percentage 
of wood harvested for industry purposes (%), and Fe is 
percentage of wood harvested for energy purposes (%).

The index of wood harvested for industry purposes is 
assumed to be 55%, with the rate of harvesting for energy 
of 25% [43-44]. The theoretical yield of wood from the 
forests was estimated by assuming density of 0.65 t ⋅ m-3 
[44].

Data on the set-aside land surface area was obtained 
from the Municipal Office of Nowa Słupia. Based on 
the results of fieldwork and soil maps for agricultural 
purposes, the possibility of using these lands for energy 
crops has been evaluated [for soil data and climate 
conditions, see 45-49]. Due to the low profitability of 
energy crops (with the exception of parcels immediately 
adjacent to the forest) the study excluded parcels smaller 
than 0.3 hectares.

Literature data has been analysed, taking into account 
the economic elements [50-51], including information 
collected in the field, mainly presented on maps. On 
the basis of the collected material, the characteristics of 
selected types of alternative energy sources and the positive 
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and negative effects of their use have been described.  
This data allowed us to make proposals for new possi-
bilities of producing heat or electricity from renewable 
energy sources in the Municipality of Nowa Słupia.  
The proposals were based mainly on an analysis of  
the physical and geographical conditions of the 
municipality.

In the final part, the existing RES in the studied area 
and their potential were identified and compared with 
the energy needs of the municipality, taking into account 
the criteria and data provided by the Polish Ministry of 
Economy.

Results and Discussion

The following types of energy have been included in 
the analysis of the production of renewable energy in the 
Municipality of Nowa Słupia: hydropower, solar, wind, 
geothermal, and biomass energy. 

Hydropower

Studies show that no energy generated using surface 
water is currently consumed in the Municipality of Nowa 
Słupia. Only small hydroelectric power plants can be 
built on rivers in the municipality. There are also some 
old mills that could be rebuilt. The potential number of 
hydropower plants depends on the surface area of water 
and the energy potential of surface water in the area  
[52-53]. Small-scale water retention plans for the 
municipality involve the construction of three reservoirs 
in the villages: Jeleniów, Milanowska Wólka, and 
Baszowice by 2018, which would then reach 2,400 km2 
of surface area. The construction of these reservoirs, with 
total capacity of 100 kW, will facilitate production of  
688 MWh (2,477 GJ) of electricity a year.

In the future, it will be possible to use these reservoirs 
for energy production by building small hydropower 
plants that will produce the electricity needed to operate 
the reservoir and to meet some needs of local residents.

Solar Power

Nowa Słupia has 1,550 potential hours of sunshine per 
annum. The solar irradiance throughout the year is within 
the range of 1,000 to 1,100 kWh ⋅ m-2. The conditions for 
solar energy are good.

Nevertheless, only a small amount of solar energy is 
generated and consumed in the municipality, with only 
87 solar energy systems in the study area [37]. Examples 
include solar thermal collectors used for heating water in 
a swimming pool in Rudki village. Moreover, there are 
three solar thermal collectors installed in Milanowska 
Wólka used for heating tap water in a 220 l tank and 
heating a 110 m2 flat. In Nowa Słupia, there are solar 
thermal collectors consisting of 48 evacuated tubes (four 
panels on two sides of the roof) used for heating tap water 
in a 300 l tank and for heating a 140 m2 flat [37]. The total 

surface area of solar thermal collectors in the municipality 
is 206 m2, and their power is 444,000 kWh.

Solar thermal collectors (and recently also photovoltaic 
panels) receive great public support; they are considered 
to be safe and environmentally friendly sources of heat 
and electrical power [54].

Nowa Słupia has great conditions for solar collectors. 
It is a rural municipality and has large unused roof spaces 
on farm, residential, livestock, and public buildings where 
solar systems could be set up easily. In light of the above, a 
double generation of thermal energy from this source can 
be expected. Energy from the Sun can be a major source 
of power in the study area, especially in the summer, when 
it provides a large amount of energy that can be used for 
heating water or drying agricultural products.

Wind Energy

There are no wind resource maps for the region. In 
order to estimate energy resources, a map for the whole 
country was used. The northeastern part of the region 
where winds can reach speeds of 4.5 to 5.0 m ⋅ s-1 has 
favourable conditions, while the southwestern part is less 
favourable [55]: the winds reach 4.0 to 4.5 m ⋅ s-1.

Poland has good wind conditions [56-57], which has 
spurred increasingly dynamic development of the wind 
power industry as wind turbines become more widespread 
[58]. Barriers to the development of the wind power sector 
in Poland include, first of all, a long and complicated 
investment process, attitudes of local authorities, local 
government, and environmental organisations [57].

According to the data of the Energy Regulatory 
Office [59], the total power of wind turbines in Poland 
was 1,600 MW at the end of 2011 [57]. At the end of 
2016, there were 1,188 wind turbines of total power of 
5,782 MW operating in Poland [59]. Despite the existing 
barriers and limitations, the pace of development of the 
wind energy sector in Poland has accelerated in recent 
years [60].

Świętokrzyskie Voivodeship is located in two of 
the eight wind-energy zones, which justifies estimating 
wind energy in the range of 750 to 1,000 and 1,000 to 
1,025 kWh ⋅ m-2 ⋅ year-1 [39]. By contrast, Nowa Słupia 
is situated in the preferred zone. For example, in the 
neighbouring Municipality of Raków, which has similar 
wind conditions, there is a large area, approximately 300 
hectares, designated for a wind farm in the zoning plan 
[23].

The other important factor affecting the potential of 
wind energy is land cover and its topography [23, 58, 
61]. Wind turbines can be used for producing electri- 
city for small farms. There are no wind turbines in the 
study area as of the date this article was released for 
publishing. However, the capacity of this source of 
energy could be estimated at approximately 1,000 kW, 
i.e., 7,886 GJ per year for 2025. However, due to areas 
of protected environment (Świętokrzyski National Park 
and its buffer zone, nature reserves, the landscape park 
and its buffer zone, monuments of inanimate nature, and 
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NATURA 2000 under the Nature Conservation Act), the 
possibilities of installing wind turbine systems are limited 
[60].

Geothermal Energy

The Study of Geothermal Energy Opportunities in the 
Świętokrzyskie Voivodeship [62] shows that there are no 
favourable conditions for geothermal energy production in 
the Municipality of Nowa Słupia. As water temperatures 
are above 20ºC in the study area, there are some prospects 
of harnessing geothermal energy for heating purposes. 
This, however, requires the installation of high-circulation 
devices, mainly heat pumps, as well as a coproduction 
with conventional heating units for re-heating tap water 
at low outdoor temperatures [63]. Such water can be used 
directly for gardening, recreational, medical, and cultural 
purposes. Currently, there are no geothermal systems in 
the study area.

Heat pumps can be used to harvest geothermal energy 
in the Municipality of Nowa Słupia. Up to 3 MWh (11 GJ) 
could be achieved for one such device. Assuming the 
installation of five systems, this could give the potential 
of 15 MWh (55 GJ).

Poland is one of the richest European countries in terms 
of low-temperature geothermal resources [64]. The best 
conditions for harvesting geothermal energy were found 
across the Polish Lowlands and in the Podhale region 
in southern Poland [65]. Potentially good conditions 
have been found in the Sudety in southwestern Poland. 
However geothermal energy plays a marginal role within 
the structure of renewable energy resources in terms of the 
whole country [66].

Biomass Energy

There are 2,422 hectares of forests in the analysed 
municipality, which comprises 34.3% of its total area. 
Assuming an annual gross increment of wood (with bark 
and slash) at the Łagów Forest Division of 7.27 m3 ⋅ ha-1 
[67] and given the criteria contained in Formula (1), the 
possible total harvested wood volume in the Municipality 
of Nowa Słupia is 2,430.0 m3. Assuming an average 
density of 750 kg per 1 m3 and calorific value of wood 
(bark) of 10 MJ per 1 kg, the total potential of heat energy 
is 18,224 GJ a year.

Taking into account the potential increase in the forest 
cover of the municipality of 1% (approx. 85 ha), the 
logging of trees and orchards should generate an increase 
in the amount of firewood by approximately 1,400 m3 to 
approximately 3,830 m3, which potentially generates about 
28,725 GJ of heat energy. Cointegration studies’ results 
for developing and emerging countries show that there is 
a cointegration between biomass energy consumption and 
economic growth [68].

Set-aside agricultural land is fairly common in 
the municipality of Nowa Słupia, as the study area is 
dominated by poor-quality land with a significant level 
of fragmentation, which adversely results in a chequered 

structure interspersed with forested parcels and generally 
low profitability of the agricultural land [69].

Potentially, fallow land may be used for growing 
energy crops [70-71]. Taking into account the natural 
conditions such as soil quality, topography, groundwater 
level, and nearby forests [72], and in light of abundant 
literature [73-74], three types of energy crops that can be 
grown on set-aside land in the studied municipality are 
proposed: Virginia mallow (Sida hermaphrodita) (200 ha), 
black locust (Robinia pseudoacacia L) (120 ha), and giant 
miscanthus (Miscanthus giganteus) (180 ha). This way 
a total of 500 ha – half of the set-aside land – could be 
used.

The average size of dry matter of the crop of the 
individual plants each year is [75]:
Virginia mallow (approx. 13.7 t ⋅ ha-1): 2,740 t.
Black locust (approx. 7 t ⋅ ha-1): 840 t.
Giant miscanthus (approx. 18.4 t ⋅ ha-1): 3,312 t.

Summing up these values, the total amount of biomass 
that could be produced in the municipality of Nowa 
Słupia is 6,892 t ⋅ year-1. The average calorific value of 
energy crop dry biomass is about 16 MJ ⋅ kg-1 [76]. The 
potential energy crops in the study area would generate 
110,272 GJ ⋅ year-1.

It should be noted that there is some controversy about 
the benefits of using biomass as a source of energy. Some 
claim, for example, that the use of biomass may contribute 
to global warming and may have harmful health effects. 
Nonetheless, it is still the case that the official position 
of the United States Environmental Protection Agency 
is that when correctly used, biomass could contribute 
to environmental benefits as opposed to some other 
commonly used fuels.

Biofuels are liquid fuels resulting from the processing 
of animal and vegetable products. Raw materials for 
the production of liquid fuels may be: canola, maize, 
sugar beets, or grain [77]. Świętokrzyskie Voivodeship 
has favourable conditions for the growth of maize and 
rapeseed [78].

About 400 litres of bioethanol can be produced from 
about one ton of maize kernels [79]. Part of the area used 
for grain farming could also be used for the cultivation 
of maize, which further increases the production capacity 
of bioethanol. It was assumed that in the Nowa Słupia 
a change in the production of maize for kernels of a 
minimum of eight hectares can be initiated, which would 
give approximately 140 t of maize kernels, and thus 
8,000 litres of bioethanol, i.e., 2,660 GJ. Maize has a large 
energy potential, and from a technical point of view it 
is easier to use its kernels to produce bioethanol than to 
produce biogas from fermented green parts of the plant 
[79].

Biogas is derived from biomass, in particular the 
processing of animal waste, plants, products of sewage 
treatment plants, or landfills. The particular importance of 
biogas is connected with its wide application, as it is used 
for energy production, direct and indirect heat production, 
and as fuel [6]. Nowa Słupia does not currently have 
a landfill where landfill gas could be obtained. The 
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municipal waste from the community is disposed of in a 
landfill in Promnik near Kielce.

Another source of biogas is the sewage treatment plant. 
Studies show that different substances fed to the digester 
may generate between 10 dm3 to 600 dm3 of gas ⋅ kg-1 
DOM [80].

There are two municipal sewage treatment plants in 
Nowa Słupia: Rudki and Stara Słupia. They collected 
about 37.0 Mg of sewage sludge in 2011 [38]. Assuming 
that 50 dm3 of biogas can be generated from 1 kg of 
DOM, wastewater that is delivered to the treatment plants 
in the municipality is a potential source of 1,850 m3 
of eco-friendly gas, which yields 9,250 kWh (33.3 GJ)  
(1 m3 – 5 kWh of heat or electricity).

The latest idea that is slowly being introduced into  
the Polish market is to build domestic biogas plants. 
The most important factors in Poland impacting the 
development of agricultural biogas plants are rural 
structure and the profile of agricultural activities [81-
82]. The resulting eco-friendly gas can be used in many  
ways, e.g., 1 m3 of biogas can be used for fuelling a 
1 hp engine for two hours, equivalent to approximately  
0.7 litres of petrol, and produces 1.25 kWh of electricity. 
It is, therefore, a valuable product. The construction of 
domestic biogas plants is a very good response to the 
demand of cheaper heat for rural households [6]. Four 
hundred litres (0.4 m3) of biogas can be made within about 
a month from 1 kg of dry grass, which gives 4.8 m3 per 
year. Thus, a single farm can generate 24 kWh (0.09 GJ) 
of electricity or heat per year from 1 kg of dry grass a 
month.

The volumes of the energy acquired from various 
sources in the area of the study are shown in Table 1.  
It shows that the energy gained from renewable sources 
can be increased almost by a factor of 7 by the year  
2025.

Evaluation of the Potential to Meet Energy 
Needs of the Study Area from RES

The population of the study area is 9,962. Data 
from the Central Statistical Office and the Ministry of 
Economy of 2012 shows that the national annual heat 
energy consumption for heating a household of three is 
about 58 GJ, while the electricity consumption is about 
13.7 GJ ⋅ person-1 ⋅ year-1 [83]. The data above shows 
that in order to meet the energy needs of the residents  
of Nowa Słupia, the thermal energy from RES should 
exceed 192,598.7 GJ per year, and electricity, 136,479.4 GJ 
per year, giving a total of 329,078.1 GJ of energy  
per year.

Today, no electricity is produced from RES in Nowa 
Słupia. Heat energy produced from RES in the municipality 
is currently 19,821 GJ per year, which covers the needs 
of about 10.3% of the residents. With the potential use 
of the above-mentioned sources an additional 10,363 GJ 
of electricity could be generated, which would cover a 
further 7.6% of the demand for electricity. The amount 
of additional thermal energy would be 126,721 GJ, i.e., 
65.8%, with a total that would provide 146,542.39 GJ, 
which would cover 76.1% of the demand for thermal 
energy of the residents.

If thermal energy was additionally generated from 
potential renewables, this could grow more than seven 
times, satisfying the thermal energy needs of 76.1% of 
residents, including approximately 70% with energy crop 
biomass from set-aside land. By contrast, the current 
production of electricity can meet the demand of 7.6% 
of the population. Nevertheless, it has been observed that 
political incentives are necessary in order to increase the 
use of forest biomass. Addressing social acceptance will 
be a prerequisite for the success of initiatives or legislation 
to fulfil this potential [84].

Table 1. The volumes of energy from the existing and potential renewable energy sources in the Municipality of Nowa Słupia.

Type of RES

Volume of energy from renewable sources  
(GJ · year–1)

Existing Potential
(2025) Total

Solar power 1,597.00 3,200.00 4,797.00

Hydropower - 2,477.00 2,477.00

Wind power - 7,886,00 7,886.00

Geothermal energy - 55.00 55.00

Wood waste 18,224.00 10,501.00 28,725.00

Energy crops - 110,272.00 110,272.00

Bioethanol from maize - 2,660.00 2,660.00

Biogas from waste water - 33.30 33.30

Biogas from small gas plants - 0.09 0.09

Total 19,821.00 137,084.39 156,905.39
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The total volume of energy produced from RES could 
be greater because the energy production capacities 
of hydropower, solar, geothermal, or domestic biogas 
systems assumed in the article are relatively low. The 
limitations arise mainly from the existence of arguably 
excessive restrictions on the implementation of many 
projects owing to environmental conditions, mainly 
because of limits related to NATURA 2000. In a sense 
this is ironic, but one reason it is interesting is because 
of different ways of conceptualizing how to organize 
environmental protection, and there is room for strategic 
planning conflicts here. In this case, the pursuit of the 
environmentalist goal of increased renewable energy 
sources is limited by the environmentalist designation of 
an area as one with very exceptional natural assets.

Conclusions

1. Currently, no electricity is generated from RES in the 
study area of the municipality. The prospective amount 
of energy gained can meet 7.6% of the demand.

2. The current volume of production of thermal energy 
from alternative sources satisfies the demand of 
residents for this type of energy at the level of 10.3%. 
In the future, with an expected increase of approx. 
65.8%, it would satisfy the needs of 76.1% of the 
residents of the municipality, including 70% with 
energy crop biomass from set-aside land.

3. The largest volume of energy could be obtained from 
energy crops and waste left after forest-logging, as 
well as in solar energy systems. However, a necessary 
precondition of any large change would clearly be 
a widespread adoption of perennial energy crops by 
farmers [85].

4. The study area has 982 hectares of land set aside 
primarily due to the poor quality of soil as well as 
adverse environmental conditions. It is, therefore, 
advisable to use approximately half of the area of the 
set-aside land for the cultivation of energy crops.

5. In the Municipality of Nowa Słupia, solar energy 
should be used as the main source of electricity.

6. A further increase in energy from renewable sources is 
limited by environmental conditions, especially by the 
NATURA 2000 program.
In order to obtain data for practical applications, the 

temporal availability and demand for heat and electricity 
have to be taken into account. Therefore, a seasonal, 
weekly, and daily time-variation curve of the power 
supply by renewable energy sources and demand for heat 
and electricity for the town of Nowa Słupia has to be 
drafted. Storage systems have to be planned, if necessary. 
For long-term results, the effects of climate change have 
to be taken into consideration [86]. Finally, a model 
of implementation of the operation of such renewable 
energy sources has to be developed considering financial 
and organisational aspects such as energy cooperatives. 
Therefore, local stakeholders must be involved in such 
an energy transformation process for several reasons. 

The process will change the landscape of the area, e.g., 
by adding windmill parks or large photovoltaic facilities. 
This should be acceptable to the inhabitants of that area. 
To use renewable energy makes it necessary that the user 
of the energy system changes their behavior, e.g., to adapt 
the consumption of energy to its periods of availability. 
The population should at least be willing to reduce the 
demand for energy through energy-saving measures. Only 
a well-integrated combination of all these different aspects 
can bring about energy autarky of rural areas.
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